ABSTRACT

Immune cells express an array of inhibitory checkpoint receptors
that are upregulated upon activation and limit the tissue damage
associated with excessive response to pathogens or allergens.
Leukocyte immunoglobulin-like receptor B4 (LILRB4), a
checkpoint receptor bearing two Immunoreceptor tyrosine-
based inhibition motifs (ITIMs), Is constitutively expressed In
myeloid cells and upregulated in B cells, T cells and NK cells
upon activation. Here we report increased expression of LILRB4
by microglia and infiltrating myeloid cells in the brain of neonatal
mice during the symptomatic phase of Zika virus (ZIKV)-
associated meningoencephalitis. Importantly, while C57BL/6
mice develop transient neurological symptoms but survive
Infection, mice lacking LILRB4 (LILRB4 KO) exhibit more severe
signs of neurological disease and succumb to disease 18-22
days post infection. The brains of LILRB4 KO mice show
Increased cellular infiltration, but reduced control of viral burden
suggesting a defect in viral clearance despite similar levels of
antibodies and no apparent T cell dysfunction. The reduced viral
clearance Is associated with altered NK cell function in the
absence of LILRB4. In naive animals this manifests as reduced
granzyme B responses to stimulation, but in ZIKV-infected
animals, NK cells embedded in the brain and spleen show
phenotypic changes that suggest altered maturation, diminished
glucose consumption, reduced ,)1 and granzyme B
production, and impaired cytotoxicity. Together, our data reveal
LILRB4 as an important regulator of NK cell function during viral
Infections and will help regulate new approaches for the
treatment of viral infections.
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LILRBA4, also known as gp49B, is an inhibitory receptor mainly expressed
by myeloid cells. Upregulation of LILRB4 expression on antigen
presenting cells including microglia, macrophage and dendritic cells
renders them tolerogenic, thereby preventing excessive inflammatory
responses. Also, it has been recently demonstrated that blocking LILRB4
signaling suppresses acute myeloid leukemia development, indicating
that LILRB4 is a promising immune checkpoint target in cancer therapy.
However, the role of LILRB4 in regulating viral infection is still unknown.
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Figure 1. LILRB4 expression is upregulated during ZIKV infection. (A) Diagram depicting the
disease progression of ZIKV infection. (B) Heat map for the fold changes in RNA expression of
Immune checkpoint receptors in the brain of ZIKV-infected mice at the indicated timepoints (h=3-8,
each time point). (C) Relative mRNA levels of Lilrb4 and Lilrb3 in the mouse brain during ZIKV
iInfection compared to uninfected mouse brain. (D and E) Flow cytometry analysis of LILRB4
expression on cells isolated from the brain of ZIKV-infected mice at the indicated timepoints. The
graph shows the percentage of LILRB4-expressing cells in total live cells (D). Live cells were
separated based on CD45 and LILRB4 expression. The pie chart shows the percentage of
macrophages  (CD45hiCD11b+F4/80+), neutrophils  (CD45hiCD11b+Ly6G+F4/80-), DCs
(CD45hiCD11c+F4/80-Ly6G-), T cells (CD45hiCD3+NK1.1-) and NK cells (CD45hi NK1.1+CD3-)
within CD45hiLILRB4+ cell population at 15 dpi (E).
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Figure 2. LILRB4 deficiency worsens clinical outcomes in ZIKV infection . (A, B) P1 WT
(n=30) and P1 LILRB4 KO mice (n=18) were challenged 1000 TCID50 of ZIKV and monitored for
weight changes (A) and survival (B). (C) Quantification of ZIKV RNA copies using real-time PCR
was performed in ZIKV-infected WT and LILRB4 KO mice at 9 and 15 dpi in the brain, eye and
blood. (D) Virus and infiltrating cell distribution in the brain of ZIKV-infected WT and LILRB4 KO
mice at 15 dpi. The images show representative immunofluorescence staining for CD45 (green),
ZIKV (pink) and DAPI (blue) in brain sections from WT and LILRB4 KO mice. *P < 0.05, ***P <
0.001
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Figure 3. LILRB4 deficiency drives hyperactivation of macrophage and microglia induced
by IFN . (A and B) Flow cytometry analysis of MHCII-positive microglia (A) and macrophages
(B) in the brain of ZIKV-infected WT and LILRB4 KO mice at 15 dpi (n=3, each group). The
graphs show the percentage of MHCII+ cells in microglia (CD45intCD11b+) (A) and
macrophages (CD45hiCD11b+F4/80+) (B), respectively. (C and D) mRNA expression of I-Ab on
BMDM from WT and LILRB4 KO mice after stimulation with ZIKV (MOI 1), IFN (10 ng/mL) or
IFN (10 ng/mL) (C) or IFN at different doses (D) for 24 h. Data shown as means + S.D. of
three independent experiments. (E) mMRNA expression of Ifngr on BMDM from WT and LILRB4
KO mice. Data shown as means + S.D. (n=3). *P < 0.05, *P < 0.01, **P < 0.001
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Figure 4. LILRB4 expression on B and T cells is not a determinant factor in protecting

mice from ZIKV-induced death. B and T cells responses were evaluated in WT and LILRB4 KO
mice at 15 dpi. (A) IgG levels in sera were measured by ELISA (n=3-5, each group). (B)
Neutralization assay using Vero E6 cells infected with ZIKV-GFP in the presence of sera (1:10
dilution). Upper panel: Bright field. Lower Panel. GFP expression. Bar. 100 um. (C and D) The
percentages of LILRB4-expressing B cells (CD45niCD19+CD3-) (C) and T cells
(CD45hiCD3+NK1.1-) (D) were determined by flow cytometry in the brain of ZIKV-infected WT and
LILRB4 KO mice. Data shown as mean = S.D. of 6 mice per group. (E) LILRB4-expressing T cells
characterized by CD4 and CD8 expression. (F) CD69 and PD-1 staining of T cells infiltrating the
brain. (G) ,)1 expression in T cells isolated from the brain of ZIKV-infected WT and LILRB4 KO
mice. *P < 0.05
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Figure 5. LILRB4 deficiency leads to defects in NK cell activation and maturation . (A)
LILRB4 expressing NK cells (CD45hiNK1.1+CD3-) in the brain of ZIKV-infected WT and LILRB4
KO mice were guantified by flow cytometry. Data shown as the mean £ S.D. of 6 mice per group.
(B) Granzyme B expression in NK cells isolated from the brain of ZIKV-infected mice; cells were
incubated with brefeldin A (10 JmL) for 3.5 h. (C) NK cell maturation determined by CD27 and
CD11b staining. Left: Percent of NK cells expressing CD27 and CD11b. Right: The stacked bar
graphs showing the percentage of NK cell population based on CD27 and CD11b expression.
(D) Purified, CFSE-labeled NK cells (3 x 105 cells) derived from naive WT or LILRB4 KO mice
were injected i.p. into ZIKV-infected LILRB4 KO mice at 12 dpi. Three days later (15 dpi), mice
were sacrificed to measure viral RNA in brain or received 2nd NK cell transfer and followed to
assess survival. (E) At 15 dpi, ZIKV RNA copies were gquantified using real-time PCR from the
brain, and the percentage of CD45+ cells and transferred NK cells (CFSE+CD45+NK1.1+) in the
brain was determined by flow cytometry analysis. Data are representative of two independent
experiments. (F) Survival of ZIKV-infected LILRB4 KO mice (n=10 for WT NK cell transfer and
n=11 for LILRB4 KO NK cell transfer) that received purified NK cells (3 x 105 cells i.p.) derived
from naive WT or LILRB4 KO mice at 12 and 15 dpi. *P < 0.05, ***P < 0.001

CONCLUSION

1. LILRB4 expression is upregulated during ZIKV infection

2. LILRB 4 deficiency results in worse clinical outcomes in ZIKV infection
3. LILRB 4 regulates macrophage and microglia activation

4. LILRB4 deficiency leads to defects in NK cell activation and maturation
5. NK cell function is critical for survival in ZIKV-infected mice

FDA MISSION RELEVANCE

Our findings show that checkpoint inhibitors, which are used to activate
anti-tumor responses, can have a paradoxical effect in acute viral
Infections highlighting  previously unknown risk for this class of product



